ylene hepatic and renal toxicity. In humans, evidence of liver toxicity after heavy exposure to perchloroethylene has been presented in case reports and a case series. However, the epidemiologic record on perchloroethylene renal effects has been contradictory. There have also been case reports of renal damage subsequent to massive perchloroethylene exposure. Perchloroethylene has been shown to cause cancer in laboratory animals. This has raised the concern that it may also cause cancer in humans. Several epidemiological studies have been conducted to determine whether there is an association between occupational exposure to perchloroethylene and increased cancer risk. Unfortunately, these studies failed to control for smoking status or other factors contributing to cancer such as exposure to petroleum solvents, hepatitis infection, alcohol abuse, and human papilloma virus infection 3) .
Despite the fact that this chemical is carcinogenic at least to experimental animals and might have reproductive toxicity, it is still popular solvent in dry-cleaning. The reports on the possible health effects after chronic occupational exposure to this chemical are however relatively scarce in literatures. A factory survey was conducted to examine if there is any positive evidence of effects on the central nervous system and liver functions among those who were occupationally exposed to this solvent as dry-cleaning workers. Subjective symptoms, hematology, serum biochemistry and other clinical signs were investigated in 56 dry-cleaning workers exposed to tetrachloroethylene 4) .
Perchloroethylene vapors are rapidly absorbed through the pulmonary alveolar epithelium and are largely exerted by the same route. Elimination via exhaled breath is biphasic, probably because of storage and release from fatty tissues. Some dermal absorption may occur, but this is generally considered to be minimal. Perchloroethylene is partially metabolized to trichloroacetic acid, which is exerted in urine 3) . In humans, 80-100% of the absorbed perchloroethylene is exerted as the parent compound by exhalation 5) . Stewart et al. 6) demonstrated that in experimental repeated 7-h exposures of 100 ppm, small amounts of perchloroethylene could still be detected in breath samples of volunteers 12 d after exposure ceased. Monster 7) has estimated that the half-life in chronic occupational exposures is as long as 6 to 8 d. In addition, Monster suggested a breath sample taken before the start of work (i.e., after a 16-h no exposure period) is the best estimate of TWA air concentration over the past few days. The perchloroethylene TLV-TWA recommended by the ACGIH is 25 ppm (170 mg/m 3 ) and classified as A3 (animal carcinogen).
The Biological Exposure Indices Committee of the ACGIH recommends a limit of 5 ppm perchloroethylene in end-exhaled air. In view of the carcinogenic response in animals, human exposure should be carefully controlled to prevent possible liver and kidney injury 8) . Thus, the study of workers exposure to perchloroethylene is very important.
In Iran, perchloroethylene is most widely used for washing clothes and degreasing the metals in industries and metals cleaning processes. The object of this study was to obtain the workers exposure to perchloroethylene vapors in dry-cleaning shops in Tehran, Iran.
Materials and Methods
This study was conducted on 179 workers who worked in 69 dry-cleaning shops as the job titles included; machine operator, presser and counter area (clerk) in Tehran city, Iran. The content of the collapse job titles is briefly described in Table 1 . The breathing zone air samples were obtained during a week of work shift. The end-exhaled air samples were obtained before work shift in the beginning of the week (in Saturday morning) in clean air area. At the end of the work shift in the end of the same week (in Thursday evening) the end-exhaled air samples were obtained again from the workers.
Breathing zone Desorption of perchloroethylene from activated charcoals was done with 1ml of carbon disulfide. After 30 minutes an aliquot of the resultant solution (1 µl) was injected into the Philips Unicam Pu 4410 gas chromatograph equipped with a flame ionization detector (F.I.D) and a glass column (1.5 m × 4 mm i.d., %3 OV-1 on 100/120 mesh chromosorb WHP). The injector block was maintained at 225˚C, the column at 85˚C and the F.I.D (flame ionization detector) at 250˚C. The nitrogen carrier gas flow-rate was 30 ml/min. For end-exhaled air samples of the same participants, individuals were asked to exhale normally into a 1 liter Tedlar TM air bags (SKC, eighty four PA) until it was filled [11] [12] [13] [14] [15] . All the samples from end-exhaled air samples were analyzed for perchloroethylene using the same Philips Unicam PU 4410 gas chromatograph equipped with the same column and detector. The injector block was maintained at 200˚C, the column at 120˚C and the F.I.D at 200˚C. The nitrogen carrier gas flow-rate was regulated to 30 ml/min.
One ml volume of the end-exhaled air sample was injected into the gas chromatograph with a Hamilton TM gas-tight syringe. Perchloroethylene was the only substance found in the breathing zone TWA air and the endexhaled air of participants. Statistical analysis of the data was including the calculation of the mean, standard deviation, and range. One-way analysis of variance (ANOVA) was used to assess the workers exposure to perchloroethylene associated with the workers' job titles. Linear regression was employed to examine the relationship between perchloroethylene in end-exhaled air and breathing zone air. Analyses were carried out with the statistical package SPSS.
Results
The mean and standard deviation of age and job tenure of the workers that participated in this study are shown in Table 2 . The mean perchloroethylene concentrations in breathing zone air (8-h TWA) of the machine operators (n=71), the pressers (n=63) and the counter areas (n=45) were 11.5 ppm, 9.6 ppm and 7.2 ppm, respectively ( Table 3 ). The mean perchloroethylene concentrations in end-exhaled air of the same workers of the machine operators, the pressers and the counter areas in Saturday morning were 1.7 ppm, 1.5 ppm and 1.1 ppm, respectively and in Thursday evening were 2.4 ppm, 2.0 ppm and 1.5 ppm, respectively (Table 4) . One-way ANOVA test was not found a significant difference among the mean perchloroethylene concentrations in breathing zone air (TWA) with the job titles (machine operator, presser, counter area), (p>0.05). The significant difference was not found among the mean perchloroethylene concentrations in end-exhaled air according to the job titles (machine operator, presser, counter area) in Saturday morning and also in Thursday evening by the one-way ANOVA test (p>0.05). Regression analysis showed that the concentration of perchloroethylene in breathing zone air (TWA) was highly and significantly correlated with the concentration of perchloroethylene in end-exhaled air in Saturday morning with a regression equation Y=0.147X + 0.031 (r=0.99, p<0.001) and also in Thursday evening with a regression equation Y=0.201X + 0.072 (r=0.98, p<0.001) where X is the concentration of perchloroethylene in breathing zone air and Y is that the concentration of perchloroethylene in end-exhaled air (Figs. 1 and 2 ). The significant difference was not found in concentration of perchloroethylene in the end-exhaled air between non-smokers (n=106) and smokers (n=73) both in Saturday morning and in Thursday evening (p>0.05).
EXPOSURE TO PERCHLOROETHYLENE IN DRY-CLEANING SHOPS

Discussion
Howard R et al. reported that the machine operators had the highest exposures to perchloroethylene and the TWA exposures ranged 4.0 to 149.0 ppm. One way analysis of variance showed that the mean perchloroethylene exposure concentration of the machine operators (22.0 ppm) differed significantly from the mean exposure concentration of the pressers (3.3 ppm), seamstresses (3.0 ppm), and the concentrations in the front counter areas of the facilities (3.1 ppm) 13) .
Our study showed that the mean perchloroethylene concentrations in breathing zone (8-h TWA) of the machine operators, the pressers and the counter areas were lower than the TLV-TWA 25 ppm recommended by the ACGIH 16) . Although the analysis of variance (ANOVA) did not showed a statistically significant difference (p>0.05) among the various jobs in a dry cleaning facility, the machine operators had the greatest perchloroethylene exposure. It is the reason that most of their time was spent in the vicinity of the dry-cleaning processes. Their duties usually include loading and unloading textiles, cleaning and maintaining equipment, spotting or other tasks nearby. On the other hand, the pressers and the counter area personnel usually are located away from the process machinery, and normally have no direct exposure to perchloroethylene. This study verifies findings the previous surveys that, on average the machine operators were more highly exposed than those in other job titles 1, 2) . The highest TWA exposure to perchloroethylene was 132.3 ppm because the presser's workplace located in near of the dry-cleaning machine. The end-exhaled air analysis of the workers participated in this study showed that the mean perchloroethylene concentrations of the machine operators, the pressers and the counter areas were lower than BEIs (5 ppm) recommended by the ACGIH 16) .
The machine operators had higher levels of perchloroethylene in their end-exhaled air than the others, though the ANOVA test did not show statistically significant difference (p>0.05). The highest perchloroethylene level in end-exhaled air was 19.1 ppm and 26.5 ppm in Saturday morning and in Thursday evening, respectively, associated with the presser who had the highest TWA exposure to perchloroethylene (132.3 ppm). This study found that perchloroethylene in end-exhaled air and perchloroethylene in breathing zone air were highly correlated.
This study was the first evaluation of the workers exposure to perchloroethylene by end-exhaled air, in a field study of this size in Iran. The results showed the potential utility of measuring the concentration of perchloroethylene exerted in breath as a method of assessing relative exposure in dry cleaning shops that use PCE. The application of biological monitoring to field study is desirable because it indicates uptake dose, instead of concentration in for dose. The low cost and simplicity of the breath sampling (end-exhaled air) method enabled expired air samples to be collected in virtually all participating workers. Breath (end-exhaled air) analysis has the great advantage of being noninvasive 14, 15) . The results of this study showed that some workers in dry-cleaning shops were highly exposed to perchloroethylene; therefore control measures should be done for decreasing the airborne perchloroethylene level. Training or health education, as pointed out as a fundamental tool in the prevention of occupational diseases, will be repeated at least annually for each worker. The engineering measures and the use of suitable control methods such as dilution or exhaust ventilation systems and fresh air respirators are very useful in decreasing the contamination in work places and in increasing the heath of the dry-cleaning workers.
